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1
HIGH-SPEED RECEIVER ASSEMBLY

BACKGROUND

The use of small geometry and low-voltage semiconductor 5
devices (1.e., semiconductor devices that reliably operate
when the voltage across any two transistor terminals 1s less
than a relatively low maximum voltage) 1s the trend in
advanced integrated circuits (ICs). These low-voltage devices
consume less power and can be reliably operated at higher 10
clock rates than larger geometry semiconductor devices that
tolerate relatively higher terminal-to-terminal voltage difier-
ences. Accordingly, low-voltage devices are used 1n a number
of electronic systems. Intermediate voltage-level devices
(1.e., devices that reliably operate when the voltage across any 15
two transistor terminals 1s less than approximately 3V) are
generally used 1n ICs that require analog functions. Even
higher voltage levels are required by some circuits used in
both analog and digital functional blocks related to system
interfaces and other functions. One way to accommodate 20
these higher voltages 1s to use transistors designed to operate
reliably at corresponding higher voltage levels. For example,
transistors where the voltage across any two transistor device
terminals can be 5V without reliability 1ssues (1.e., 3V tran-
s1stors) can be used to manage inter-IC power (e.g., on/oil) 25
functions over a range of voltages from 0V to about 5V,

As mput/output power supply voltages are reduced, it
becomes increasingly ditficult to meet performance require-
ments for high-speed low-voltage applications using compli-
mentary metal-oxide semiconductor (CMOS) devices usinga 30
ficld-etlect transistor (FET) designed to tolerate higher ter-
minal-to-terminal voltages.

Therefore, 1t would be desirable to provide a low cost,
reliable and integrated receiver solution that can be 1mple-
mented using existing semiconductor manufacturing process 35
technologies.

SUMMARY

One embodiment of a high-speed receiver assembly com- 49
prises {irst and second differential pair circuits using first and
second sets of semiconductor devices, respectively. Each of
the first and second differential pair circuits are coupled at
opposing ends of respective first and second current-steering
paths. The high-speed recetver assembly generates an output 45
signal by introducing a bridge circuit that couples the first and
second current-steering paths within a present stage of the
high-speed recerver assembly.

One embodiment of a method for implementing a high-
speed recerver using semiconductor devices optimized at a 50
higher-voltage level than a desired operating range of the
high-speed receiver includes the steps of providing a first
differential pair circuit using a first set of semiconductor
devices to produce a first port and a second ports, the first and
second ports coupled to respective first and second current- 55
steering paths, providing a second differential pair circuit
using a second set of semiconductor devices to produce a
third port and a fourth port, the third and fourth ports coupled
to opposing ends of the first and second current-steering paths
and inserting a bridge circuit configured to couple the first 60
differential pair circuit to the second differential pair circuit
via the first and second current-steering paths 1n a present
stage of the high-speed receiver.

The figures and detailed description that follow are not
exhaustive. The disclosed embodiments are illustrated and 65
described to enable one of ordinary skill to make and use the
high-speed receiver. Other embodiments, features and advan-

2

tages of the high-speed receiver assembly and method for
implementing the same using semiconductor devices opti-
mized at a higher-voltage level than a desired operating range
of the high-speed receiver assembly will be or will become
apparent to those skilled in the art upon examination of the
following figures and detailed description. All such additional
embodiments, features and advantages are within the scope of
the assemblies, circuits and methods as defined 1n the accom-
panying claims.

BRIEF DESCRIPTION OF THE FIGURES

The high-speed receiver assembly and methods for manu-
facturing a high-speed recerver can be better understood with
reference to the following figures. The components within the
figures are not necessarily to scale, emphasis instead being
placed upon clearly 1llustrating the principles of the high-
speed recerver. Moreover, 1n the figures, like reference
numerals designate corresponding parts throughout the dii-
ferent views.

FIG. 1 1s a block diagram of an embodiment of a pair of
communicatively coupled systems.

FIG. 2 1s afunctional block diagram illustrating an embodi-
ment of the high-speed receiver assembly of FIG. 1.

FIG. 3 1s a schematic diagram illustrating an alternative
embodiment of the high-speed receiver assembly of FIG. 1.

FIG. 4 1s a flow chart illustrating an embodiment of a
method for implementing a high-speed recever.

FIG. § 1s a flow chart illustrating an alternative embodi-
ment of a method for implementing a high-speed recetver.

DETAILED DESCRIPTION

The high-speed recerver assembly or high-speed receiver
can be implemented in a myriad of systems and applications
where it 1s desirable to provide accurate and reliable high-
speed mmput buffers (1.e., recervers) using higher-voltage
FETs operating at lower-voltages. In one embodiment, the
high-speed receiver uses 3.3V FETs to operate at approxi-
mately 1.5V,

The high-speed receiver can include any or a combination
of the following technologies, which are all well known 1n the
art: discrete electronic components, an itegrated circuit, an
application-specific integrated circuit having appropriately
configured semiconductor devices and other circuit elements
(e.g., discrete resistors or semiconductor devices arranged to
simulate a resistor). The high-speed receiver 1s accurate and
reliable over a range of voltages.

In some embodiments, the high-speed recerver 1s 1imple-
mented with a combination of low-voltage semiconductor
devices and higher voltage semiconductor devices.

In one embodiment, the high-speed recerver 1s suitable for
applications that desire a common-mode voltage from
approximately 0.7V to approximately 0.9V. The high-speed
receiver 1s arranged by coupling first and second differential
pair circuit architectures based on first and second current-
steering schemes into the same path to generate an output
signal. The high-speed recerver includes first and second dif-
ferential pair circuits. The first differential pair circuit 1s
coupled to a first current-steering path via a first port and a
second current-steering path via a second port. The second
differential pair circuit 1s coupled to the first current-steering
path via a third port and the second current-steering path via
a Tourth port. A bridge circuit 1s interposed between the first
and second differential pair circuits. The bridge circuit inte-
grates the first and second current-steering paths in a single-
stage of the high-speed receiver assembly.
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Turning now to the drawings, wherein like reference
numerals designate corresponding parts throughout the draw-
ings, reference 1s made to FIG. 1, which 1llustrates a block
diagram of an embodiment of a pair of communicatively
coupled devices. System 100 includes a peripheral device 110
connected to a computer 130 via a connection 115. Both
peripheral device 110 and computer 130 contain respective
integrated circuits. Integrated circuit 120 within peripheral
device 110 1s coupled to integrated circuit 140 within com-
puter 130 via iternal circuit 122, signal driver 124, wired
connection 115, high-speed receiwver assembly, labeled
“RCVR” 200 and internal circuit 142. For stmplicity of 1llus-
tration and description, system 100 depicts a transier of infor-
mation via a data signal that propagates from its origin within
internal circuit 122 to 1ts destination in internal circuit 142, To
traverse the gap bridged by connection 113, the data signal 1s
controllably conditioned and transmitted by driver 124. High-
speed recerver assembly 200 recerves the transmitted data and
controllably conditions the receirved data before forwarding
the signal to internal circuit 142.

In the illustrated embodiment, system 100 includes dis-
similar devices (1.e., peripheral device 110 and computer
130). System 100 1s not limited to this combination and may
include similarly configured devices. For example, various
circuits or functional blocks within very large scale integrated
circuits will often be coupled to each other to communicate
one or more control or data signals. When these signals
traverse a relatively large gap between a sending circuit block
and a receiving circuit block, these input/output circuits will
often use an output buller or driver to transmit the intended
signal and an imnput butfer or receiver to collect and reproduce
the recerved signal.

Although connection 115 1s illustrated 1n FI1G. 1 as a single
link connecting peripheral device 110 to computer 130, and
more particularly internal circuit 122 with internal circuit 142
via driver 124 and receiver 200, 1t will be appreciated that
connection 115 can be a multiple conductor connection such
as those configured to support operation of a data transfer
mechanism such as a serial data bus or a parallel data bus.

FIG. 2 1s a functional block diagram 1llustrating an embodi-
ment of the high-speed receiver assembly 200 of FIG. 1. As
illustrated 1n FIG. 2, high-speed receiver assembly 200
includes first differential pair circuit 210 and second differ-
ential pair circuit 220 with bridge circuit 250 interposed
between first differential pair circuit 210 and second differ-
ential pair circuit 220. First differential pair circuit 210 forms
first port 212, which 1s connected to first current-steering path
252 through bridge circuit 250 and port 214, which 1s con-
nected to second current-steering path 254 through bridge
circuit 250. Second ditfferential pair circuit 220 forms third
port 222, which 1s connected to first current-steering path at
an opposing end of first port 252. Second differential pair
circuit 220 also forms fourth port 224, which 1s connected to
second current-steering path 234 at an opposing end of sec-
ond port 214.

In addition to the first and second bias signals, bridge
circuit 250 further receives a bridge bias control via connec-
tion 251, areference voltage, Vrel, via connection 253, and an
input signal via connection 255. Although, the illustrated
embodiment depicts the reference voltage and input signal as
being supplied to bridge circuit 250 via single connections, it
should be understood that connection 253 and connection 255
are differential mput signals. As also illustrated in FIG. 2,
bridge circuit 250 receives a first bias signal from first bias
circuit 230 via connection 235 and a second bias signal from
second bias circuit 240 via connection 245. As will be
explained further below, the bridge circuit combines the first
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and second current-steering paths of the high-speed recerver
assembly under the control of the first bias signal, the second
bias signal and the bridge bias control signal to generate first
and second differential output signals, labeled “OUT™ and
“NOUT,” along connection 257 and connection 259, respec-
tively. The first and second differential output signals closely
track the input signal across a range of temperatures and
circuit conditions introduced by semiconductor device manu-
facturing process variation.

FIG. 3 1s a circuit schematic illustrating an alternative
embodiment of the high-speed recewver 200 of FIG. 1. As
illustrated 1n FIG. 3, high-speed receiver assembly 200
includes first differential pair circuit 210 and second differ-
ential pair circuit 220 with bridge circuit 250 interposed
between first differential pair circuit 210 and second ditfer-
ential pair circuit 220. First differential pair circuit 210
receives an mput voltage, labeled VDC, from first bias circuit
230, a second 1nput voltage, labeled Vrefl and as described
above forms first port 212 and second port 214. First differ-
ential pair circuit 210 includes a first set of semiconductor
devices. In the illustrated embodiment, the first set of semi-
conductor devices includes a network of PFETs. The network
of PFETs 1s arranged as follows. Each of the source terminals

of PFET 312, PFET 314, PFET 316 and PFET 318 are
coupled to input VDC. The drain terminals of PFET 312 and
PFET 314 are coupled to each other and to the gate terminal
of PFET 312. The drain terminals of PFET 312 and PFET 314
and the gate terminal of PFET 312 are coupled to port 212.
The gate terminals of PFET 314 and PFET 316 are coupled to
cach other and receive the second mput voltage (Vrel). The
drain terminals of PFET 316 and PFET 318 are coupled to
cach other and to the gate terminal of PFET 318. The drain
terminals of PFET 316 and PFET 318 and the gate terminal of
PFET 318 are coupled to port 214.

Second differential pair circuit 220 recerves an mput volt-
age, labeled AVS, from first bias circuit 230 and as described
above forms third port 222 and fourth port 224. Second dii-
terential pair circuit 220 includes a second set of semicon-
ductor devices. In the illustrated embodiment, the second set
ol semiconductor devices includes a network of NFETs. The
network of NFETs 1s arranged as follows. Each of the drain
terminals of NFET 322, NFET 324, NFET 326 and NFET 328
are coupled to each other and to mput AVS. The source
terminals of NFET 322 and NFET 324 as well as the gate
terminals of NFET 326 and NFET 322 are coupled to each
other and third port 222. The source terminals of NFET 326
and NFET 328 as well as the gate terminals of NFET 324 and
NFET 328 are coupled to each other and fourth port 224.

First bias circuit 230 recetves an 1nput voltage, labeled
VDD. In response to the VDD input, {irst bias circuit 230
generates three outputs. A first output, labeled VDC, 1s
applied at an mput of the first differential pair circuit 210 as
described above. A second output, labeled AVS, 1s coupled to
the second differential pair circuit 220 as also described
above. A third output, labeled 1°° BIAS, will be applied to an
input of bridge circuit 250 to controllably couple the first
differential pair circuit 210 to the first and second current-
steering paths of bridge circuit 2350. In the 1llustrated embodi-
ment, first bias circuit includes a network of semiconductor
devices and a pair of resistive elements coupled 1n series. The
network of semiconductor devices includes both PFETs and
NFETS.

First bias circuit 230 1s arranged as follows. Input voltage,
VDD, 1s coupled to the source terminals of PFET 331, PFET
332, PFET 336 and PFET 337. Input voltage, VDD, 1s also
coupled to the drain of PFET 331 and to the gate of PFET 336.
The gate terminals of PFET 331, PFET 332 and PFET 337 are
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coupled to each other along with the drain terminals of PFET
332 and PFET 336. The node formed by the gate terminals of

PFET 331, PFET 332 and PFET 337 and the drain terminals
of PFET 332 and PFET 336 1s labeled B1. The series combi-
nation of resistive element 333 and resistive element 334 1s

interposed between node B1 and the source of NFET 335. The

gate of NFET 335 recerves voltage VDC, which as described
above 1s also coupled to first differential pair circuit 210. The

drain of PFET 337 and the source of NFE'T 338 form a node,
labeled 1°° BIAS. As described above, the voltage at 1% BIAS
1s provided at a corresponding input to bridge circuit 250.

Second output, AVS, 1s coupled to the drain terminals of
NFET 335 and NFET 338.

Second bias circuit 240 receives an input voltage, labeled
VDD. In response to the VDD 1nput, second bias circuit 240
generates two outputs. A first output, labeled AVS, 1s coupled

to the second differential pair circuit 220 and first bias circuit
230 as described above. A second output, labeled 27 BIAS,

will be applied to an input of bridge circuit 250 to controllably
couple the second differential pair circuit 220 to the first and
second current-steering paths of bridge circuit 250. In the
illustrated embodiment, second bias circuit includes a net-
work of semiconductor devices and a pair of resistive ele-

ments coupled 1n series. The network of semiconductor
devices 1ncludes both a PFET and a NFET.

Second bias circuit 240 1s arranged as follows. Input volt-
age, VDD, 1s coupled to the source terminal of PFET 342 and
the gate terminal of NFE'T 348. The gate terminal and drain
terminal of PFET 342 are coupled to each other forming a
node, labeled 2”? BIAS, which as described above is applied
to bridge circuit 250. A series combination of resistive ele-
ment 344 and resistive element 346 1s interposed between
node 2”¢ BIAS and the source of NFET 348. As described
above, first output, AVS, 1s coupled to the drain terminal of
NFET 348.

Bridge circuit 250 1s interposed between first differential
pair circuit 210 and second differential pair circuit 220. Spe-
cifically, bridge circuit 250 1s coupled to first differential pair
circuit 210 via first port 212 and second port 214. Bridge
circuit 250 1s coupled to second differential pair circuit 220
via third port 222 and fourth port 224. Circuit elements inter-
posed between first port 212 and third port 222 form a first
current-steering path through bridge circuit 250. Similarly,
circuit elements interposed between second port 214 and
fourth port 224 form a second current-steering path through
bridge circuit 250. In contrast with known analog receiver
designs, bridge circuit 250 combines the multiple ports with-
out the application of additional receiver stages.

As described above, bridge circuit 250 recerves the first and
second bias signals (1° BIAS and 27 BIAS) from first bias
circuit 230 and second bias circuit 240, respectively. As fur-
ther described above, bridge circuit 250 recerves a bridge bias
control voltage. Bridge circuit 250 also recerves Vrefl and an
input signal at multiple locations. As shown 1n FIG. 3, bridge
circuit 250 1s also arranged to recetve VDD and AVS 1put
voltages at multiple locations.

Bridge circuit 250 includes a network of semiconductor
devices. The network of semiconductor devices includes
PFETs and NFETs. A first current-steering path includes
PFET 354. The source terminal of PFET 354 is coupled to
first port 212. The gate of PFET 354 is coupled to the bridge
bias control input node. The drain terminal of PFET 3354 1s
coupled to third port 222. A second current-steering path
includes PFET 335. The source terminal of PFET 335 1s
coupled to second port 214. The gate of PFET 355 1s coupled
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to the bridge bias control input node and the gate of PFET
354. The drain terminal of PFET 3355 1s coupled to fourth port

224,

A first current-steering control couples the 17 BIAS, Vref
and IN voltages to first port 212 and second port 214. This first
current-steering control includes NFET 351, NFET 352 and
NFET 353. The source terminals of NFET 352 and NFET 3353
are coupled to first port 212 and second port 214, respectively.
Input Vret 1s coupled to the gate terminal of NFET 352. Input
voltage IN 1s coupled to the gate terminal of NFET 353. The
drain terminals of NFET 352 and NFET 353 are coupled to
each other and the source terminal of NFET 351. 1% BIAS
input 1s coupled to the gate of NFET 351. The drain of NFET
351 1s coupled to mnput AVS.

A second current-steering control couples the 2”¢ BIAS,
Vretl and IN voltages to third port 222 and fourth port 224.
This second current-steering control includes PFET 356,
PFET 357 and PFET 358. The drain terminals of PFET 356
and PFET 357 are coupled to third port 222 and fourth port
224, respectively. Input Vrel 1s coupled to the gate terminal of
PFET 356. Input voltage IN 1s coupled to the gate terminal of
PFET 357. The source terminals of PFET 356 and PFET 357
are coupled to each other and the drain terminal of PFET 358.
The 27 BIAS input is coupled to the gate of PFET 358. The
source of PFET 338 is coupled to mnput VDD.

The high-speed receiver assembly 200 1s arranged by com-
bining low-voltage optimized PFETs and NFETs with
higher-voltage optimized PFETs and NFETs. FETs exposed
to external circuits are of the latter type (1.e., FETs optimized
for operation at higher-voltages). All remaining FETs or
those FETs that are not exposed to external circuits are core
FETs or FETSs optlmlzed for operation at low-voltage. As
indicated above, 1n one embodiment, the higher voltage FETs
are optimized for operation at approximately 3.3V and the
low-voltage FETs are optimized for operation at approxi-
mately 1.5V.

In operation, bridge circuit 250 controllably combines the
first and second current-steering paths of the high-speed
receiver assembly under the control of the first bias signal, the
second bias signal and the bridge bias control signal to gen-
crate first and second differential output signals, labeled
“OUT” and “NOUT.” The first and second differential output
signals closely track the mput signal across a range of tem-
peratures and circuit conditions imntroduced by semiconductor
device manufacturing process variation. This 1s accom-
plished by applying a bridge bias control signal that directs
the application of the first and second steering paths over a
range of conditions that result from semiconductor device
manufacturing process variation and changes in temperature.

FIG. 4 1s a flow chart illustrating an embodiment of a
method 400 for implementing a high-speed receiver. Method
400 begins with block 402 where a first differential pair
circuit 1s provided to produce first and second ports that are
coupled to respective first and second current-steering paths.
In block 404, a second differential pair circuit 1s provided to
produce third and fourth ports that are coupled to opposing
ends of the first and second current-steering paths. Thereatter,
as indicated 1n block 406, a bridge circuit 1s inserted between
the first differential pair circuit and the second differential
pair circuit to couple the differential pair circuits via the first
and second current-steering paths 1n a present stage of the
high-speed receiver.

FIG. § 1s a flow chart illustrating an alternative embodi-
ment of a method 500 for mmplementing a high-speed
receiver. Method 500 begins with block 502 where a first
differential pair circuit 1s provided to produce first and second
ports that are coupled to respective first and second current-
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steering paths. In block 504, a second differential pair circuit
1s provided to produce third and fourth ports that are coupled
to opposing ends of the first and second current-steering
paths. Thereafter, as indicated 1n block 506, a bridge circuit 1s
inserted between the first differential pair circuit and the
second differential pair circuit to couple the differential pair
circuits via the first and second current-steering paths 1n a
present stage of the high-speed recerver. As indicated 1n block
508, a first bias circuit 1s coupled to the bridge circuit to
introduce a reference voltage and an input to the first differ-
ential pair circuit and the current-steering paths. In block 510,
a second bias circuit 1s coupled to the bridge circuit to 1ntro-
duce the reference voltage and the iput to the second differ-
ential pair circuit and the current-steering paths. Thereafter,
in block 512, a bias control signal 1s applied to the bridge
circuit to generate a controlled differential output signal.

While various embodiments of the high-speed receiver
assembly and methods for implementing or manufacturing
the same have been described, it will be apparent to those of
ordinary skill 1n the art that many more embodiments and
implementations are possible that are within the scope of this
disclosure. Accordingly, the high-speed receiver assembly 1s
not to be restricted or otherwise limited except 1n light of the
attached claims and their equivalents.

What 1s claimed 1s:

1. A method for implementing a high-speed recetver using
semiconductor devices optimized at a higher-voltage level
than a desired operating range of the high-speed recerver, the
method comprising:

providing a first differential pair circuit using a first set of

semiconductor devices to produce a first port and a sec-
ond port, the first and second ports coupled to respective
first and second current-steering paths;
providing a second differential pair circuit using a second
set of semiconductor devices to produce a third port and
a fourth port, the third and fourth ports coupled to oppos-
ing ends of the first and second current-steering paths;

inserting a bridge circuit configured to couple the first
differential pair circuit to the second differential pair
circuit via the first and second current-steering paths in a
present stage of the high-speed receiver; and

coupling a first bias circuit to the bridge circuit, the first

bias circuit configured to controllably couple areference
voltage and an input signal to the first differential pair
circuit and the first and second current-steering paths,
the first bias circuit generating a first bias circuit output,
a second bias circuit output and a third bias circuit output
that are applied at an mput of the first differential pair
circuit, at an 1mput to the second differential pair circuit
and at an input of the bridge circuit, respectively.

2. The method of claim 1, wherein providing a first differ-
ential pair circuit using a first set of semiconductor devices
comprises using positive channel field-eflect transistors
(PFETs).

3. The method of claim 1, wherein providing the second
differential pair circuit using a second set of semiconductor
devices comprises using negative channel field-effect transis-
tors (INFETSs).

4. The method of claim 1, further comprising;

coupling a second bias circuit to the bridge circuit, the
second bias circuit configured to controllably couple the
reference voltage and the input signal to the second
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differential pair circuit and the first and second current-
steering paths, the second bias circuit generating a first
output of the second bias circuit and a second output of
the second bias circuit that are applied at a second bias
input of the bridge circuit and at an mput of the second
differential pair circuit, respectively.

5. The method of claim 4,

wherein the first and second bias circuits control the opera-
tion of the bridge circuit 1in the coupling of the first and
second current-steering paths to generate a differential
output signal.

6. The method of claim 5, further comprising controlling
the coupling over a range of conditions that result from semi-
conductor device manufacturing process variation.

7. The method of claim 5, further comprising controlling,
the coupling over a range of temperatures.

8. The method of claim 1, wherein the providing and the
coupling are accomplished using a single integrated circuit
substrate.

9. A high-speed recerver assembly, comprising:

a first differential pair circuit coupled to a first current-
steering path and a second current-steering path via a
first port and a second port, respectively;

a second differential pair circuit coupled to the first current-
steering path and the second current-steering path via a
third port and a fourth port, respectively;

a bridge circuit interposed between the first differential pair
circuit and the second differential pair circuit along the
first and second current-steering paths, the bridge circuit
configured to integrate the first and second current-steer-
ing paths 1n a single-stage of the high-speed recerver
assembly, the bridge circuit arranged to receive a {first

bias signal from a first bias circuit, a second bias signal
from a second bias circuit and an input voltage generated
by both of the first and second bias circuits.

10. The high-speed receiver assembly of claim 9, wherein
the bridge circuit 1s responsive to a reference voltage signal
and a recerver mnput signal.

11. The high-speed receiver assembly of claim 9, wherein
the bridge circuit 1s arranged to produce a differential output
responsive to a bias control signal.

12. The high-speed recetver assembly of claim 11, wherein
the bias control signal directs the bridge circuit over arange of
temperatures.

13. The high-speed recerver assembly of claim 11, wherein
the bias control signal directs the bridge circuit over arange of
conditions that result from semiconductor device manufac-
turing process variation.

14. The high-speed receiver assembly of claim 9, wherein
the first differential pair circuit comprises a first set ol positive
channel field-effect transistors (PFETS).

15. The high-speed receiver assembly of claim 9, wherein
the second differential pair circuit comprises a second set of
negative channel field-effect transistors (INFETSs).

16. The high-speed recetver assembly of claim 14, wherein
the first differential pair circuit 1s arranged to recerve first and
second 1nput signals.

17. The high-speed recetver assembly of claim 15, wherein
the second differential pair circuit 1s arranged to recerve the
input voltage generated by both of the first and second bias
circuits.
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